Aflatoxin contamination impinges on grain quality worldwide. The causative agent, Aspergillus spp. colonizes grain in the field down to postharvest stages in storage where they may produce toxins. Kenya has experienced recurring cases of aflatoxicosis in Eastern region especially during periods of maize grain deficit. The risk of chronic exposure has not been widely studied. Therefore, seasonal variation in abundance and species composition of toxigenic Aspergillus in maize and soils of Eastern Kenya was investigated. Samples were obtained from farmers, two months after the first (May) and second (December) harvest seasons. Aspergillus spp. were isolated from maize and soil samples by direct and dilution plate techniques respectively on Czapek Dox Agar (CZ) and thereafter sub-cultured on potato dextrose agar (PDA). Positive identification was done using culture-morphological and microscopic characteristics in PDA media. The ammonium vapour test was used to screen for the putative toxigenic strains. A total of 229 Aspergillus spp. cultures were obtained (55% -maize, 45% -soil). Eleven Aspergillus sp. were identified: Aspergillus niger, Aspergillus flavus, Aspergillus clavatus, Aspergillus awamori, Aspergillus parasiticus, Aspergillus ochraceus, Aspergillus candidus, Aspergillus ustus, Aspergillus niveus, Aspergillus terreus and Aspergillus wentii. Of these 41 (18 %) were potentially toxigenic while the rest were putatively atoxigenic. Out of the 41 toxigenic isolates, 22 were from maize. The first season had 15 (68.2%) toxigenic maize isolates while 7 (31.8%) were from the second season. Generally, there were more fungal isolates in the first season (54.1%) than the second one (45.9%) while Aspergillus niger was the most abundant in both seasons. Such variation in fungal abundance supports the hypothesis that aflatoxin contamination of grain may vary seasonally but that remains to be unravelled and herein, a contrary opinion was presented.
INTRODUCTION
Fungi belonging to the genus Aspergillus produce various toxins, which are of importance to human health. In particular, Aspergillus flavus and Aspergillus parasiticus mainly produce aflatoxins (Abbas et al., 2005) while other congeneric species: Aspergillus sections Nidulantes, Versicolores, Usti, Circumdati and Nigri produce various metabolites related to aflatoxins which cause food poisoning (Blumenthal, 2004; Do and Choi, 2007) . These fungi colonize grain in the field during planting and continue to do so during storage when they may produce toxins (Waliyar et al., 2015) . Apart from aflatoxins, these fungi produce other metabolites such as ochratoxins and oxalic acid, which are hazardous to humans (Palencia et al., 2010) . The effect of mycotoxin ingestion is dosedependent, it may result in either death (acute) or other clinical complications (chronic). Chronic intake may lead to immunosuppression (Jiang et al., 2008) , cancers, poor growth and abnormal foetal development (Gong et al., 2004; Probst et al., 2011) .The United States Food and Drug Administration (FDA) has referred to aflatoxins as inevitable food contaminants, hence it has set the maximum allowable limit in human food products at 20 parts per billion. However, in the US, the levels vary between 10 parts per billion for humans and 20 parts per billion for livestock (Williams et al., 2004) , while in Europe the limit is 4 ppb (Commission Regulation (EC) No 1881 . In Kenya, the limits are 10 parts per billion (Mutiga et al., 2014) .
Over the last four decades, Kenya has experienced repeated cases of aflatoxicosis. In the year 2004, 317 people were hospitalised due to acute aflatoxin exposure 125 cases were fatal (CDC, 2004) . It was hypothesised that there could be an underestimation of human aflatoxicosisburden in the country for four reasons: 1. Many cases may not be reported due to lack of infrastructure of capturing episodes in real time. 2. There is scanty clinical data to account for chronic sub-lethal exposure, 3. There is a systemic difficulty in enforcing residual limits policies among cereal traders and this ensures the circulation of cereals with high toxin levels. 4. There is a belief that aflatoxin contamination is a problem in only one region of the country yet it is more widespread covering other maize producing areas including Western and Rift Valley. Most of the human fatalities have been recorded in the Eastern region of Kenya, which is now considered a hot spot for aflatoxicosis (Probst et al., 2007; Muthomi et al., 2009) . Fatalities common in the Eastern region is perhaps due to acute grain shortage, which force the populace to consume any available grain that is probably considered unfit for consumption. However, a survey by Mutiga et al. (2014) reported on high incidences of aflatoxin contamination in the Eastern region of Kenya following a bumper harvest in 2010. Preharvest drought and postharvest moisture are considered the most critical drivers of aflatoxin accumulation, which are factors that are largely influenced by cropping seasons. In Eastern Kenya, acute aflatoxicosis has been reported following periods of moisture stress during maize crop development, when rainfall occurs after the crop has attained physiological maturity and before it is harvested, and when harvests are stored incorrectly. For this reason, there has been renewed effort to study various aspects of the causal fungi and its interactions, which include intraspecific variations and competition, climatic and seasonal influence, toxigenicity (Probst et al., 2011) , distribution in maize and soil (Muthomi et al., 2009) .
Perhaps one of the most promising control efforts is in biological control whose success story has been reported in other countries like Nigeria (Fapohunda, 2009) and is undergoing initial stages of quarantined field trials (IITA, 2014) . This approach uses non-toxigenic fungi to "competitively exclude" toxigenic ones from accessing maize kernels, thereby preventing toxin build-up . As such, an inoculum of non-toxin producing fungi is introduced into the soil surface beneath the crop canopy 40-45 days after planting (two-to-three weeks before flowering) (Atehnkeng et al., 2014) . However, considering the variations in both quantities and types of toxins produced by fungi of the genus Aspergillus, it is imperative to consider these variations alongside species composition, abundance and geographical distribution as would be affected by seasonal changes. This information would be important in understanding the possible toxin risks the population faces with each harvest and enable early preparedness. This study was conducted to determine the seasonal variation in the abundance and composition of putatively toxigenic Aspergillus species in maize and soil in Eastern Kenya. This has not been previously established in this region.
MATERIALS AND METHODS

Sampling
Maize and soil samples were collected in May and December 2013 two months after respective harvest seasons. The Eastern region of Kenya is a semi-arid region that experiences annual rainfall of between 250 and 500 mm (Freeman and Coe, 2002) . The long rains start at the end of March and last until May while the short rains start in October to December. The minimum and maximum temperatures in this region range from 23 to 34°C (Funk, 2010) . A transect was selected (along the main road cutting across the counties) from which sampling points were set every 5 km. At every sampling point, farmers were selected randomly on both sides of the road from whom half a kilogram of shelled maize was collected. Soil was collected from the open area where farmers dried their grain as well as under the storage facility. Samples were separately put in khaki bags, transported in a cool box to the laboratory, and stored at 4°C until analysis was done. During the second season, repeated sampling was undertaken in the same areas as the first one. In total, about 200 maize samples were collected during both seasons, but were segregated depending on whether the farmer had planted or purchased their grain. All samples obtained from farmers who had purchased maize during either of the seasons *Corresponding author. E-mail: obonyom@gmail.com. Tel: +254721214032. were excluded from the study. This procedure was guided by findings reported by Daniel et al. (2011) that home-grown maize was the major source of contamination compared to purchased maize. Owing to poor harvest that affected most of the region during 2013, most farmers sampled had bought maize for their daily use. Thus, only a total of 50 (maize with their respective soil) samples, which had been stored for two months were analysed further. 
Fungi isolation and identification
Fungi isolation from maize was carried out following the procedure described by Muthomi et al. (2009) after surface sterilisation of kernels in 2% NaOCl. Fifteen kernels were randomly picked from the khaki bags and introduced into a conical flask containing NaOCl and swirled gently for one minute. Afterwards, they were removed and rinsed thrice in sterile distilled water. Five kernels were plated about 2 cm apart on Petri dishes (90 × 15 mm) containing Czapek Dox Agar (HiMedia Laboratories Pvt. Ltd) amended with 50 mg each of streptomycin sulphate and penicillin (Zhonghuo Pharmaceutical Shijazhuang Co. Ltd., China) per litre of medium. The set up was replicated thrice for each sample. As for soil samples, dilution plate technique was used. Briefly, 1 g of soil was suspended in 9 ml sterile distilled water and serially diluted to 1 x 10 -4 . One ml of 10⁻ 3 and 10 -4 respectively were uniformly spread in duplicates in Czapek Dox Agar (amended as above). Afterwards, all culture plates were incubated in a growth chamber at 28°C for 7 days. Aspergillus species were isolated from colonies in Petri dishes and dilution plates then sub-cultured in Potato Dextrose Agar (HiMedia Laboratories Pvt. Ltd, India) and incubated as above. Upon maturation, fungi were classified based on cultural and morphological features such as colony diameter, colony colour on agar, front and reverse and colony texture (Klich, 2002a; Rodrigues et al., 2007) . This was followed by the preparation of slide cultures and incubation in moist chambers at 28°C for 5 days before observation under a light microscope. For microscopic characterisation, microscopic features studied included conidiophores, conidial shape, phialides and metulae, presence and shape of vesicles. These are the common features used to identify Aspergillus fungi to species level (Diba et al., 2007; Klich, 2002a) .
Screening for toxigenic Aspergillus species
Toxin producing ability of the fungi was tested following the ammonium hydroxide (NH4OH) vapour test (Kumar et al., 2007) . A single fungal colony was grown in the centre of a Petri dish containing yeast extract-sucrose medium for 5 days at 28°C. Then 2 drops of concentrated (27%) NH4OH solution were added to the inverted lid of the Petri dish and allowed (30 min) to react. Toxin production (positive test) was evidenced by formation of a pink to plum-red colour on the underside of the fungal colony while negative tests had no observable colour changes (Zrari, 2013) .
Data analysis
The data on the abundance of the fungi in each region were represented as a percentage of score total count. Analysis of variance (ANOVA) was performed to determine whether the distribution of the Aspergillus isolates in the four sites was significantly different. Student t-test was performed to determine whether the distribution of the species between the two seasons was statistically significant. SPSS (version 20.0) was used in the analysis of data.
RESULTS
Aspergillus species isolates from maize and soil
The morphological and cultural features of the Aspergillus isolates are presented in Table 1 . In total (from both seasons), 229 isolates were obtained from maize and soil samples. The identification process resulted into 11 Aspergillus species (Plate 1 and 2a -k).
The species and their order of abundance (%) were as follows: A. niger (47.6), Aspergillus flavus (22.3), Aspergillus clavatus (12.2), Aspergillus awamori (4.4), Aspergillus parasiticus (3.9), Aspergillus ochraceus (2.2), Aspergillus candidus (1.7), Aspergillus ustus (1.7), Aspergillus niveus (1.7), Aspergillus terreus (1.3) and Aspergillus wentii (0.9). There was consistency in species identity as individual isolates (across the four study sites) belonging to a single species showed same morphological traits on PDA. Conversely, A. parasiticus showed similar cultural and morphological traits to A. flavus but were segregated on the basis of conidia colour since A. parasiticus (conifer green) differed from A. flavus (dark green) (Plate 2 d(i) and h(i) respectively).
There were some species with somewhat similar cultural traits, but were segregated microscopically. For example, A. candidus was distinguished from A. niveus by a fertile region of the vesicle and colony diameter. Isolates of A. niveus were fertile on the top one-to-two thirds of the vesicle while A. candidus were fertile on the entire vesicle with colony diameters not exceeding 35 mm in PDA (Klich, 2002a) .
Aspergillus species abundance and composition
Due to the sampling procedure and the choice of only analysing the farmer planted maize samples and excluding the bought maize samples from this study, it was not possible to reliably compare the study sites in Eastern region and respective seasons but rather consider the entire region as a block. This could partly explain why there were some observable differences in distribution of fungi in the two sampling seasons but they did not appear significant (Table 2) .
In general, there were more Aspergillus species isolated from maize (54.6%) than from soil samples (45.4%). This was consistent in each location except Makueni where there were more isolates from soil than from maize (Table 3) .
The percentage proportion of fungal isolates of maize to soil in each location was as follows: Kitui (57:43), Makueni (47:53), Mwingi (62:38) and Machakos (52:48) . In addition, the abundance (%) of fungi appeared to correlate positively with the number of samples collected from each location as follows: Kitui (34.9), Makueni (31.9), Mwingi (23.1) and Machakos (10).
In terms of species composition, three species (A. clavatus, A. niveusand A. wentii) were isolated strictly from soil, but not from maize ( Figure 2 ). All species obtained from maize were present in soil, which was consistent with the expectations. Five species (A. flavus, A. niger, A. parasiticus, A. ochraceus and A. ustus) were more abundant in maize than in soil samples. In contrast, two species (A. terreus and A. awamori) were more abundant in soil than maize samples (Figure 3 ).
Toxigenic Aspergillus species from maize and soil
The colony reverse of the toxigenic species changed from pale yellow to pink or plum-red (Plate 3). In general, of the 229 Aspergillus isolates, 41 (18%) were toxigenic while the rest were non-toxigenic, 22 (53.7%) of the toxigenic isolates were from maize while 19 (46.3%) from soil. 15 (68.2%) of the isolates from maize were from first season while 7 (31.8%) were from the second season. For the soil isolates, 11 (57.9%) were from season one while 8 (42.1%) were from the second season (Table 4) . 
DISCUSSION
It is important to determine whether the abundance and composition of putatively toxigenic Aspergillus species in maize and soil of Eastern Kenya are affected by the climatic changes in the two planting seasons. In the current study, A. niger was the most abundant amongst the eleven species isolated in both seasons while A. flavus was the second most abundant. A. niger was formerly believed to be harmless and non-toxigenic (Blumenthal, 2004) , but recent studies present it as potentially being toxigenic, producing fumonisins (Palencia et al., 2010) . A. flavus is known to produce aflatoxins (Probst et al., 2007; Rodrigues et al., 2007) . The current findings of the abundance of A. nigerin semi-arid soils contradicts the propositions of Klich (2002b) that this black Aspergillus species is more dominant in forests and well-cultivated soils than in dry regions. The sampled region in this study is largely characterized by semi-arid dry climatic conditions. However, they postulated that the black Aspergillus species (Section Nigri) and A. flavus are highly likely to be found in areas of latitudes ranging (26 -35°), which is close to our sampled areas in the latitude range (Mwingi 38.05°-Machakos 37.26°). The fact that A. flavus was the second most abundant species in both seasons implies that the risk of exposure to aflatoxin occurs all year round and not during any particular cropping season. The findings of this study differ from those of Muthomi et al. (2009) , who reported A. flavus as being the most abundant in the same region in two consecutive years (2008) (2009) . While there seem to be some differences, they could be explained by differences in collection times, sampling strategy and even the season of collection. In addition, Muthomi et al. (2009) reported seven species (A. flavus, A. niger, A. terreus, A. ochraceus, A. fumigatus, A. clavatus and A. versicolor) . While the current study reported eleven, five of which matched the earlier study except for A. versicolor and A. fumigatus, which were not isolated in this study. We report five Aspergillus species that were not reported by Muthomi et al. (2009) including A. parasiticus, A. ustus, A. candidus, A. niveus, A. awamori and A. wentii, out of which A. parasiticus is known to be toxigenic.
Recently, Odhiambo et al. (2013) while prospecting for candidates for biological control in the same region reported the dominance of A. flavus but absence of A. niger from Makueni. In addition, four other species (A. glaucus, A. sydowii, A. nidulans and A. fumigatus) reported in the same study were not reported in the current one. Here, the reverse was reported, A. niger dominating (39 isolates) followed by A. flavus (13 isolates). Such variations can be due to differences in the sampling strategies (McHugh et al., 2014) or even species overlap as seasons change, hence the time of sampling is critical (Kennedy et al., 2006) . In their work, Odhiambo et al. (2013) sampled 2 weeks after harvest as opposed to 2 months in this study. This could explain changes in fungal community structure in the course of storage with selection forces favouring more adapted species. The choice of sampling time in this study was informed by the observation that toxin build up approaches peak in store at 6-8 weeks post-harvest. The findings of this study could inform the development of a sampling protocol towards assurance of food safety as knowledge of abundance and composition of toxigenic species helps in early warning systems. This is more important, considering that the maize sampled is what was being consumed. A striking finding corroborated in the two studies is the low density of A. parasiticus isolated from Makueni County. This is attributable to geographic factors such as the latitudinal position of the area, besides competition and other limiting factors like water and nutrients Klich (2002b) .
In India, Venkataramana et al. (2013) determined the mould incidence and mycotoxin contamination in 150 freshly harvested maize samples and obtained 288 fungal isolates consisting of Fusarium, Aspergillus and Penicillium species. A. flavus was the predominant Aspergillus species as opposed to A. niger in the current study. In this study, 229 Aspergillus isolates were obtained from 50 maize and soil samples thus implying a higher fungal burden in the Kenyan samples. One possibly contributing factor could be the climatic differences during sampling as well as the samples. Venkataramana et al. (2013) collected freshly harvested samples in winter, which is non-existent in Kenya. In this study, the samples were collected 2 months postharvest. The hot climatic conditions of Eastern Kenya as well as the postharvest (storage) conditions of the samples in this study were likely to have influenced the abundance and diversity of fungal isolates observed. This is in line with the observation that successful colonization postharvest as influenced by storage conditions may influence the growth of mycotoxigenic fungi and the subsequent production of toxins (Chulze, 2010) . Priyanka et al. (2014) studied the molecular diversity of toxigenic Aspergillus species from food samples grown in highrainfall regions in India where 200 isolates were recovered from 320 grain samples. This study also points to a higher fungal burden in Kenya as compared to India. The areas sampled in this study have temperate climatic conditions and experience high rainfall, which is a contrast to eastern Kenya. Even though the authors do not compare the incidence of the fungi by seasons, it is evident that the predominant Aspergillus species in both continents are A. flavus and A. parasiticus. In the current study, seven putatively toxigenic species (A. flavus, A. parasiticus, A. ochraceous, A. clavatus,A. ustus, A. niveus and A. wentii) were reported. This corroborates earlier reports of toxin production by Aspergillus species other than A. flavus for example; A. parasiticus produces aflatoxins (Abbas et al., 2005) ; A. ochraceous produce ochratoxin A (Montessinos et al., 2015) while A. wentii produces the mycotoxins emodin (Pitt and Hocking, 2009) . A polyisoprenoid toxin referred to as Austin was reported to be produced by A. ustus (Chexal et al., 1976) whereas A. niveus has been reported to produce fumonisins (Storari et al., 2012) and aspochalasin Z (Gebhardt et al., 2004) . Aspergillus clavatus was isolated from soil only and was not isolated from maize, it was classified as toxigenic in this study. Since it was not isolated from maize, human risks appear to be reduced. Earlier studies have reported this species to produce a variety of secondary metabolites (SM) such as patulin, pseurotin A and cytochalasin E (Zutz et al., 2013) . On the other hand, other species which did not produce toxin in this study have been reported to be toxigenic in earlier studies for example; A. candidus was reported to produce a mycotoxin known as AcT1 (Chattopadhyay et al., 1987) , whereas A. awamori has been reported to produce fumonisins (Storari et al., 2012) and aspochalamins A-D (Gebhardt et al., 2004) . Aspergillus terreus has been reported to produce territrems in bakery products and grains (El-Sayed Abdalla et al., 1998). The ammonium test was used to test the production of toxin in YES medium. It is a reliable method that has been published by Kumar et al. (2007) . Another method is to include beta cyclodextrins in the culture medium, which would enhance the natural fluorescence of aflatoxins under ultra violet light (Fente, 2001; Yazdani, 2010) . So far, three species of Aspergillus namely A. flavus, A. parasiticus and A. nomius have been reported to secrete aflatoxins (Varga et al., 2011) . In this paper, additional putatively toxigenic species that may also be producing aflatoxins or its precursors are reported. For these reasons, there is need to confirm the toxigenicity of these fungi through analytical procedures such as HPLC, or through the use of molecular markers to confirm presence of toxin coding sequences in the various Aspergillus isolates' genome. Follow-up studies such as molecular studies to confirm the species of the fungi reported herein is also recommended.
The findings of this study are vital in understanding the possible toxin risks the population faces with each harvest and enable early preparedness. There is very little information on the seasonal variations of toxigenic Aspergillus species in Kenya, particularly in the Eastern region where repeated cases of aflatoxicosis have been reported. Therefore, our findings contribute to new knowledge with respect to the Eastern region of Kenya.
The wide variety of toxigenic fungi reported in this study points out that the burden of mycotoxin exposure in Eastern Kenya is likely higher than previously thought. This is supported by the fact that the sampled maize grain was what was being consumed at the local household. The situation is further aggravated by lack of regulatory testing at that level. It is also possible that fatalities reported in Kenya could be due to cases of acute exposure to a cocktail of toxins.
In Kenya, the routine tests of toxins by the regulatory agencies (The Government Chemist and The Kenya Bureau of Standards) mainly aimed at aflatoxins (B1, B2, G1 and G2). While, this is proper due to the abundance of aflatoxins (Probst, 2007) , we hold the view that consideration to include Ochratoxins and Fumonisins should be made since isolates of Aspergillus in this and previous studies point to higher risks of exposure (Bayman et al., 2002) .
